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Introduction
In refining processes such as denitrification, desulphurization, gas oil processing, essentially all of the organic nitrogen and sulphur compounds are liberated as hydrogen sulfide (H2S) and ammonia (NH3). These products are found in refinery waste waters. Of course, other contaminants such as carbon dioxide (CO2), hydrogen cyanide (HCN), phenolics and various hydrocarbons are present in waste waters. This waste water is called 'sour water'. 

Generally, sour water is purified in a steam stripping process. Steam stripping is the utilization of steam to strip volatile components from a contaminated liquid stream. Because effluent water quality regulation is getting more important, sour water stripping has emerged as an important process. NH3, H2S, CO2 and HCN etc. are separated from sour water in the steam stripping process. Steam stripping is commonly equipped with sole column. But, as in the case, the equipment is composed of two more columns. The process which is considered in this study consists of ammonia still (A/S), dissociater (D/S) and other equipments. This system is installed in Kwangyang Works of POSCO (Pohang Iron & Steel Corporation).

However, the design technology and the optimum operation of this system have not been established theoretically. Also, there are lots of abnormal phenomena in operating this process. These problems affect other process such as H2S scrubber that is connected with it. Moreover, it is important to cope with the disturbances such as sour water feed composition change. 

 So, this research focused on the dynamics of sour water stripping processes. After considering it, we can solve the abnormal operating problems and control the process properly. In the last, this research intended to elevate the stripping efficiency, i.e., to strip much H2S into the top of D/S and to satisfy the NH3 composition below 100ppmw in A/S. Process simulator is used to recognize the dynamics of the process. The calculation procedure employed by the program involves a Newton-Raphson approach to solve the heat and material balances around each stage.
Operating condition
Fig.1 shows that the process of sour water stripping column. There are 12 sieve trays in D/S and 16 bubble cap trays in A/S. Mostly, H2S, CO2 and HCN are stripped in D/S and NH3 is stripped in A/S. To sum up the process, sour water is fed to D/S and is stripped by the steam that is fed from the bottom. So, the stripped vapor is emitted to the top and the non-stripped liquid is emitted to the bottom. The stripped vapor is condensed to re-enter D/S top plate. Of course, non-condensed vapor is fed to COR (Catalytic Oven Reactor) to produce sulphur. And the half of the D/S bottom liquid is fed to A/S and is stripped by the steam that is fed from A/S bottom. As a result of A/S stripping, the bottom liquid becomes nearly pure water. This water should include minimum NH3 quantity because of environmental regulation (about 100ppmw). Of course, this nearly pure water is handled finally in BET(biological effluent treatment) system. Stripped vapor in A/S re-enters the middle and the bottom stage of D/S. Because this reentering stream contains much NH3 vapor, D/S bottom liquid also contains much NH3 quantity. Actual data is listed at table 1. 

Table 1. Standard Operating Condition

	process
	index
	Operating condition
	Average data value

	A/S
	Steam

(170oC, 6 bar)
	Flow rate (kg/h)
	5900

	
	Inside column
	Top vapor temperature ((C)
	101

	
	
	Bottom liquid temperature ((C)
	112

	
	
	Top pressure (bar)
	1.33

	
	
	Bottom pressure (bar)
	1.55

	D/S
	Feed 

Sour water
	Feed flow rate (kg/h)
	80700

	
	
	Feed temperature ((C)
	64

	
	
	Bottom flow rate (kg/h)
	86575

	
	Steam

(170oC, 6 bar)
	Flow rate (kg/h)
	1500

	
	Inside column
	Top vapor temperature ((C)
	92

	
	
	Bottom liquid temperature ((C)
	100

	
	
	Top pressure (bar)
	1.29

	
	
	Bottom pressure (bar)
	1.35

	
	D/S feed

sour water 
	D/S effluent 

liquid
	A/S effluent

liquid 

	NH3 

(mg/l)
	13000

(10000~17000)
	18000

(14000~22000)
	Below 100

	H2S 

(mg/l)
	2500

(1500~3500)
	1500

(1000~2000)
	Below 15

	CO2

(mg/l)
	8000

(6000~10000)
	4000

(2000~6000)
	Below 150 

	HCN

(mg/l)
	200 

(100~300)
	
	


Dynamics

The dynamics of sour water stripping column are as follows. Fig.2 shows the mass flow rate profile of the vapor in D/S at standard operating condition. At stage 1, mass flow rate of vapor is low because of low temperature feed flow rate. The reason that mass flow rate is high at stage 2~7 is the side stream which contains much NH3 vapor. 

As feed temperature rises (60~72oC), the interior temperature of A/S and D/S rises uniformly. These phenomena affect D/S vapor and D/S liquid mass flow rate directly (D/S vapor increases and D/S liquid decreases). The stripping efficiency of each component is obtained by calculating the ratio of D/S vapor mass flow rate to feed mass flow rate. At standard operating condition, the stripping efficiency is 0.08 of NH3, 0.42 of H2S, 0.78 of CO2 and 0.20 of HCN in D/S. As a result of simulation, the increase of D/S temperature improves the stripping efficiency of H2S, CO2. Beside feed temperature, the factors that affect the temperature of column are column pressure, feed composition, steam, condenser temperature, and so forth. 

When feed composition varies within the data value at table1, NH3 composition affects column temperature more than any other component (CO2, H2S, HCN). Fig.3 shows that the temperature in D/S decreases when feed NH3 composition increases. This effect results from the endothermic reaction of NH3 with H2O and CO2. While operating the column, a sudden change of column temperature can be caused by NH3 composition in feed. 

Simulation results show that H2S, CO2 and HCN composition change in feed nearly does not influence A/S and D/S temperature. For D/S, the first and the second stage temperature is different somewhat. But this effect is ignorable. It is shown that CO2 influences the stripping of the other components: NH3 is stripped less easily in the presence of CO2, H2S and HCN are stripped more easily. This results from the electrolyte reactions between NH3 and CO2 (CO2+ 2 H2O = H3O+ + HCO3-, NH3 + HCO3 - = NH2COO- + H2O). In other words, because CO2 dissolves into HCO3 - and this ion takes NH3, NH3 becomes ion in water. Because the ionic form can not be stripped by steam, the mass flow rate of NH3 in vapor is decreased in D/S when feed CO2 composition in feed increases.

Generally, as the column pressure increases, the temperature decreases. Fig.4 shows mass flow rate of H2S in effluent vapor when D/S bottom pressure increases. As shown in Fig.4, the stripping efficiency decreases as the column pressure increases.

Fig.5 shows the effect of the side stream 2 in Fig.1. From the simulation result, it is shown that the stripping efficiency of H2S and CO2 in D/S increases sharply but the stripping efficiency of NH3 decreases as the side stream 2 increases above 1000kg/h. Above 2100kg/h, however, A/S bottom NH3 composition violates the operational regulation (above 100ppmw).

Finally, the effect of A/S feed temperature is considered. Of course, A/S feed flow rate is almost the half of D/S bottom flow rate. Its temperature is about 100oC at standard operating condition. Increasing the A/S temperature, the stripping efficiency in D/S is improved (Fig.6).

Operational regulation of NH3
The object is to strip H2S in D/S and to satisfy the NH3 regulation in A/S. But, it is difficult to satisfy above two conditions simultaneously. Considering NH3, we changed D/S steam mass flow rate and A/S steam mass flow rate respectively. The results show that the most important factor which influences NH3 regulation is A/S steam. To satisfy this regulation, A/S mass flow rate must be above 5900kg/h at standard operating condition. However, this steam quantity is related to the cost. So, we should determine the optimal operating condition after considering the dynamics. To reduce the cost, we must reduce the steam usage. For example, this object is obtained by elevating the column temperature (high feed temperature, low column pressure, side stream flow rate: 2100kg/h, high A/S feed temperature).

Conclusion

This research evlauates the dynamics of sour water stripping column to find the optimum operating condition. To strip H2S easily, to satisfy the NH3 regulation and to reduce the cost are difficult tasks in operating the column.

To sum up the results:

- The component which influence the column temperature is NH3.

- CO2 substantially influences the stripping of the other components: NH3 is stripped less easily in the presence of CO2, H2S and HCN are stripped more easily.

- The stripping efficiency of H2S increases with steam flow rate, A/S and D/S feed temperature and condenser temperature while it decreases with NH3 composition in feed and column pressure

- The most important factor which influences the regulation of NH3 is A/S steam.

To reduce the steam usage, the different operating conditions such as adding NaOH and controlling PH in column could be sought in the next study.
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Fig 1. Configuration of sour water stripping column
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Fig 3. D/S temperature according as NH3 feed composition change
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Fig 5. D/S effluent vapor mass flow rate according as side stream 2 mass flow rate change

Fig 2. Mass flow rate profile of the vapor in D/S at standard operating condition

Fig 4. The effluent vapor mass flow rate of H2S according as D/S bottom pressure change

Fig 6. D/S effluent vapor mss flow rate according as A/S feed temperature change
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